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(57) Abstract 

A nitride semiconductor device such as a light emitting device in which an active layer is formed between an n-type semiconductor 
region consisting of one or more nitride semiconductor layers and a p-typc semiconductor region consisting of one or more nitride 
semiconductor layers, characterized in that at least one of the nitride semiconductor layers of the p-type semiconductor region or the n-type 
semiconductor region is a super-lattice layer consisting of layer-built 1st layers and 2nd layers made of nitride semiconductors whose 
compositions are different from each other. By the above mentioned construction, the operating current and operating voltage of the device 
are lower and the efficiency of the device is improved. 
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•eiitt^o USP 5, 1 4 6, 4 6 5^i:iiiftl*AlxGai 
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JI-C&?K 0»J*WU Si K-^OGaN^^90. 2/zm£Lh. 4/zm 
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(nSi^b^5nl^7 y KJf 1 4) 

nm?5v KJIfi. 0J*l*.S i £5 x l O^/cm 3 K-/U:niA 1 0 
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6C^fi*»^IC« N I nxGa, 
-xNt^'A 1 yG a i-vNih^ISicSIISftfcSte^JI^ S'&JI 1 6^ 
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^^ttKtt^Tll^jfra^TN I n G a N &fS&M tf Z> t . 8Nil,fc 
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t) K*> y ^^^-^^c^JiiO. 1 /zm&T<Dgfl:$l¥^ 
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•7°® 1 7cD/<> *y 7*.*-Mr-*:*:* < Itl.^/;^ nJlfr£2£ 
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<9x piliJ^5 v Kill 9*>b±oiM^#Ii:fc^T7 h^-fyy * 
U v ^*^®t-*5 p$J=! >^ h»2 0O(5i^®i:p 
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(±®) !ClinlI2 3£^j&£*lT^<5o ^»13t(i N nl§2 
3 lin«/<y 7 7 I11 OlSCM^tiTt^^ £££ UT^G a N 
SSI 0 0£fflCvT<r*£<DT\ nl^Mt^WGaNlil 0 0 

GaNlil 0 0O^®(Cnm@^B^LTfH]-®{lEj(Cpm©chnm^i: 

112 5^/&£*U nli23<hpll2 1±©*£^M2 5 <Z> 118 P SB £ 
/t-lT^n^npII2 lSO'nH2 3 ICg^fc3ft*<fc 9 i:\ ^CV^^ 

(DX'ltm-o mmiz, SMiG a NS® l 0 0 <h©F5i:*«g^»^ 

<r\> 

*^oj«feJB3ffi3 0U-1f« : ?-'C(i. H3c^-rgfejil 6<DTmiz 
Km 2 ©gfl:#l¥^{*Jf <t jfrqgJI <* ft T £ Mte^Jiii© n ffiij * ^ -y KH 
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4>tt< £&A 1 *^t^gft%^(*x L< liA 1 xGai-xN (0<X 

AlvGa.-vN (0^Y< 1> X>Y)Jn z Ga,- z 
N (0£Z< l)" <0<J:9tt27c;«fix 3 7cfRftOg^¥^{**C^filc"r*o- 
*:J8?JJ"Cli* mi (omit^mmt I n£££ttl*A 1 xG a ,-xN (0 
<X< 1) il, I2«IW|{${iA 1 *£*#t* I niG ai-zN (0 
£Z<1) i:t§Ci:^$bi:jfll<, ^"Cfe^S^frgn^Stt?^ 
» 5il^^^^ <b N IlOlWi^ilTA 1 *mifc (Yfi) 
0. 3J^T©A 1 xGai-xN (0<X^0. 3) 12®lft^ 

A 1 xGai-xN (0<X<1) &m^Tmi<Di£1tV0¥m#&T& 

aaiiJLftn^^j^^wrso -fttfrt.. ^iting^is cmovpe 

; metal organic vapor phase epitaxy) i:j;§A 1 xGai-xN (0<X 
<1) MfrUG a NJI^J&fifcKfc^Tli^ ^fn© Jl & |f| D H 2^M^ 
T^I$^5:<i:^ti5o &->T\ ^iM^x.^: h'tz < AlxGai 
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-xN (0<X< 1) liGaNIi ^5£51 Klifcg $ S C £ C J: 0 gte^ 

i^Mt^a^t'^o z<Dzt\u »i o^£»i o oji^suii, 

©M^^ttili Lt©A I GaNl^A 
SOT^7v^*<A0i:.< <T*5 0 :n{:j:oT, ^mMTit^ A 1 S 
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^o^Si:<k5ijt^$n5o £^cp A 1 GaNliGaNi: 
JtRL/Tffi$t^*<^^o ^ C T A 1 G a NO^C p MTO^?-^ < K— 7" 

tug- K-yufc*^ &T<D&otiiftmfr&ztmm$ti&o m?lixa 

1 G aNl^G aN^CMg^fHjS-C-K-7°L^it^. A 1 G aNltli 
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NI©7 * ■te~7?-m&CDM£{$A 1 G a NJI JZlJi^T^ < . MgOgft 
{b^iii^^o #JxJ£Mg£l x l 0 20 /cie 3 K-^UT^G aNtlil x 
1 0 l8 /cm*m&CD3r* U T^T&£CDf::*f U A 1 GaNtlil x 1 

G a N/G a NtTSft?t U + U T^jg^ £ft £ G a Nifco^ 

&*>CDT£>£o Lj^&gfe^i: LTl>5fc«K h >TWb$jl|T4-+ 'J 7te 
^ttttMTO^tt^A 1 G aN/i^^lj-r^/c^. ++«J7liAl GaN 

m\z^\,^x^^(DBm^\^t/v^^-r{zi^mx^, i GaNi 
^< K-^tsi^ mi com4tty¥-mfcm^<Di&g. k -;/*<?: ur 

1 x 1 0 17 /cm 3 ~l x 1 0 20 /cm\ $ y> IZ& £ U < 1 x 1 0 1 8 / 
cm 3 — 5 x 1 0 1 Vcm 3 c7)|Gffl(l|^^-r^ 0 lxl 0 1 Vcn* J: 0 fe*J>ttl* 

Jf#^£ftKO^lSn::*>9> *fclxl 0 20 /cm 3 J:<9 

* U< (21/1 Q1tX±'J>tz\,^&m.£ U> U< l*7> K-yt 
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% 2 (Dmit^^mwrno n m^&vvmmfr 1 x 1 o 1 */a&*\£XTx*&ft\^ 

*mW<Dftm®^i)<?Lz>nZo nm^&Wt LXltS i . Ge. Se> S. 

K/f 1 9*SLTi^o c©pflj*5y KM 1 9©ffi?I^Mf6I 
3. 'm4'©^fc^¥^«I©^/?:t>. nffl]*5 -y KJg 1 4 <h|5| fc< . 10 

f t^5l<!il0~4 Q*>7* hv-J+commizmm-fZo IHHiKx 

AlxGa,-xN (0<X£1) ^g^-feb^ C £ fi<W. ^ L < N f 4 

b < it A 1 yG a i -yN (0£Y< K X>Y) N I n 2 G a 

'■^x.£ftUB(± % n|j^7 7 Kill 4cDftEffi£flbT<fc3 7^ $bCnII 
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tonm&tM^mz&^x^ m^vc^i^ 2m&.±m^o ^otz&mte 

c>£ (#fF^2 5 4 0 7 9 1f) o L^lpS^ibtlfci^^Tfe^ 

<, b ?—jj<om<D*i&®mBt$:'\^ <-r^ 0 narj^ y k® i At 

pM^Jft$«!££:'h$ < s &t L< t*T > K-^itSi, r^fim^. V 

yjL^^4^~0/h$/cCm4 0^^^^^^^cDp^^^^2i^^^^ < U 

i3©I«^I^^ K-^Si: LTii 1 x 1 0 18 /cm 3 
-1 x l 0 21 /cm\ $ fcCff* KiUxl 0 19 /cni 3 ~5 x 1 0 2 Vcm 
3 ©$Sffii::33g-r*o 1 x 1 0 l8 /co 3 J: 0.fc4>tt(,*<fc N &4<Dm4t®¥& 
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H^-S^irite, ^-0imxiO 2 VciW^l^Uc^ £k pi 
7«fttltliMgx Zn, Ca. B e ^O^ffl^^IIA^v IIBKtc 
MIIRU »*KliMg, C all£pM^Mt?£ir3o E(±S£Hj!Lfc 

■|:K-^§ti51(^ ^rti-enn^^c^f ¥W*JI**SB (120 

S i * K-^LfcA 1 G a NJI£ N T> K-^©G a N/f £ Tgte^Jf £ 
JBfifcLTtii^ A 1 G a NJiteS i £ K— 7" LT t^.CDT K Ltl 
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£tc;*:# < T-£3o fiP^G a N^^^lj-r^H 1 ?® 9 A 1 G 
a Ng(-^lN^^^-ilii-r^m^(i. A 1 G a NJI^CDG a NjlKfig-T 
nffl^«*5>f3j-i/ (colics i) ©tfcSL**il>ji"0 i:t>S 
tfSo L^Ux ±^©i;9(:AlGaNl(:fc^T N GaNIMgt^ 

K-ytts^s a i g sLNmizj&i^ft&mm-rzMTfrs 

fc*lMiT> K— 3 d LfrM"£ — K4* + *y 

EU:. nflfl*5 » y Kill 4. p#]*5 y K/f 1 9^l§?lit^:<h 

iz-z>^x®.wLtzfi\ i*mfe?-miu -©flu n^^^Mti 

TOn«/< 7 7 7 IlU nfflbfcrtV Kill 5. p {104=- -v. >y y°M 1 7 > p 
iiti: i:^T'#-5 0 ^JCn^@*^fi£$n-5 n.{RJ'<*y 7 7 I11 £S 
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if<< K«l 5*<JBj£$*iTC**o 'C(bnflJ5fe?y-r Kill 5M\ T y F-Zf 
*»fcfc::tecvc«\ l x l 0 19 /cb»JKT© K-y*T*titf. K 

*5:i^l<> 1 x l O^/c^T-c^-Bdir^^^irffS b<. 
T> F-m^: U\> :on«WKililn 

'x-ro- |9 /cni*jaTr:wsE-&-tifcp«*7y-f kjii 8^/&£*it^£ 0 

'*¥£W\zjsl*T, p$J#V KJI1 8 0*&4^g«l*> lxlO'Vcm 3 ^ 
TT&ftJi<fc(,^ £F£ x 1 0 18 /cin 3 &TT£>9, 

Six'il^nS/O^lltt^^-r*^ ^f^te. C©pfliJ#-f KJS1 8 ©31 
mStenXtepGH^-TftTfc J: < . *B^$H^cfel^r«is ilitr^^t) 

WLLXZ<Dp$mtl^ Kill 8CAoT< S^Itgtt^*-5o ISU :®pi 
SttJiO'^feg"(Sii«3'6'0 ; -5 2 0 nmCDlSffi. *'"Cfc 3 8 0 — 4 5 
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118 6 <h©rHl«c N Stl©#pl, SO'pfJ^V KJ1 18S 

CIEgStiTC^o -®P^^+ 7 7°!! 7©^l?{i0. l#m£(T\ $ 

* b< 1*5 0 O^V^x h p-AETF. ii:*>#£ U< i*3 0 
nhD-A^Ti:ilSt^o 0. 1 /im£ 9 ffC^lWTJiEft 

QAZtitzW^tiK 4^ + *y yjlOJi^yi/^-^oj 7©iiC «fc *K gtiii 
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4RO'pfiJ^-5 >y Kill Q^jS^ait-CWfiJcLTl^OT*. nfii]*^ 
Kill 4&.tfp{RiJ?5 *y KJil 9©lM^fi<T#> ^ii«i££-^< 

77 Kill 9^jg*§^i^Tli^£&nc*> N ±&t,fc<k?K8*<OS£ 

a±©*JS»".tg 3 Tii N n $J ^ . y KJi 1 4 ZfcO' p $1 * 5 <y KJf 19^ 

<M?5 -y Kill 9©9 ^©£5»s>^-:S£igte^ft££ LTh£^o £l± 

t^Cv iW13T(i^ nflij* 5 y KJi 1 4&t>'p{IfJ^ 5 v KI19^ 
igte^flis&t Ufcrt^ n{B8*5-/KJil 42&O c p 

Wit 1 ? -j KJil 9'^Op{|||&C>*na«Jo^k^^(*SO^^n*>lo^ 

fflj*^? KJil Ltzi)\ ^Wliz.tiizm*'?, ¥£7t? 

k (led) m(Dmit®*m#&=?Kmm-e%zz.ti-t^o$. 
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rfcttc^ ei±©*s c£K«fct) % se*^-<*-'KTJis vf 

ft&m.mt\*^ •&mmt\z&zMi&mm®m-eeiw (t/t 0 ) cjtfli-r* 

{T : ftf^fiK (K) N To : 4*&SLfle (K) } 0 U -if*?-? «\ T 0 rt< 
#15 OKEUifcSc CO^KiLDOzaSfttt^^cffitiT^SCi* 

iMi4.. 

(TiftI3 0 2) 

Ttfe/13 0 2i£ N 4jumOI$0GaNj^6<i:^ ^Ii't7 7 

tR&^^T9rt:«>e>JI<h LTSH^o Tift/I 3 0 2(iGaNXIiA 1 xG 
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ai-xNTM$n§K A 1 £#frij§£rf;:teA 1 mgkttXmfrO. 5£TF 
OA 1 xG a i-xN (0^X^0.5) *JSfcg 3 £ £j&<S£ be > c 0. 5 

JP<i'<*y "7 rid; t) feJ£^RJ?Tf£g£-£T N 1 0 m^TO^CsSS 
-f £ £ tijimt /Si. Mi!g&3 0 1 l*D~7 r << 7<Di N SiC, Z 

n(K Xfc"*;K G a A s«©aft»¥*(**fifeS$-ti--5^i6fr*n^nr 
^ £ . Sft©5¥3*<* i S/j: ^ J: t) -5 S« ^ffi I ^ c <*: * « o 
(^113 0 3) 

^iI3 0 3 lis TM3 0 2±(c. ^Jg:fr[a]K+#ttfi$£W U « 
1 0 #nu f$UmOSi0 2 I^2 /z mfmpi tl£ D fSk 

S£3 0 3com^t LTIU h 5 Fy ht*U t£^£'CD <fc 

»K"Ct>ftC^*<s (S i0 2 &T&J&ZtiTl^t£\,*TMm3 0 2 O^® 
*<Btb Ut^^g^) J: 9 0 3 0I«^# < tz* lz-?Z 

yj*<^ &ikXffi(D!)>tz^mit®¥mfcmwL 3 0 4 u-^-r^©-?*?* 

L^o (%gjg3 0 3 0»8i LXiU WAIflMLW* (S i Ox) .S-fb 
(S i xNy) % > (T i Ox) = — VMZ r Ox) 

moMit®}, kit®* ^tczn^co^mmoik, 120 o°c2i±<Dm&* 
#o«:^zag6 0 o°c~i 1 0 ovoumiz^m^ ^otuciw 

iftWLtt^K ^L/< Mill: < Ui,N$ 0 

3 0 4) 

Mft«5¥3lf*gffi 3 0 4 (2> W*.tf % 7>K-yGaN^iI303 
^m^mU3 0 4i*" J 7'( KM*§f&^& (HVPE) *fflC^TJft*$-tt" 
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«o Mtt^f^mttStSli In, Al ***ttt^G a N *J5fcft S -tir * C 

(TEG) fOWI^^Mb^ffl^, ltlii7y^-7> 
<*t F7^y^t>^ci^f fei^ U\, :0GaNSSCSi, 
Gef©nI^M K-yit + t U TS££ig^tt*5ffii::i8£ It & 
«fct\, #Kfl«^3 0 K T«&®3 0 2. §iI3 0 3^4LT^ffl 

(n{M/<»y"7rji3 1 1 =mn&\\=i 9 hJI) 
n«/<y77l3 1 1 i2> Mfl:8&¥^#gtg 3 0 4±ic. #J;Li*. S i 
#3 x 1 0 18 /cb s K-T^ti/cG a N^5 /zmOf^lcM^nt^-So 

3 0 i~ni3 0 mi®i*m>&mwLZ o 4 izmm^tzv 

Z>i%&\ziU nlA' 7 77l3 11(ifB&t^: ( !:t,T^o :©n«'<7 
77131 1 (ifl^T^I$t5/<7 7 rlT^ ^ MX.(^7 7^7, 

C 9 0 OXJETFOfS&Kfc^T* GaN N AlNf^ O. o fimVIT 

cDmrn-n-mmf^M: z z> '< v -7 7 m t tiggi] $ n & 0 

-y^iL/13 1 2) 
?5 »y ?B£jhJI3 1 2te. ^jx.ii*nfij^<y 7 7 131 1±{:0. 15 u 
mcomzizj&mztitz I no.oeG a 0 .84Ni: ^^^o 
>y KJS3 1 3=i&teTJI) 
nM?7 v KJf 3 1 3 til*. if* 2 5^">^X hP-AcDM^^Wb 
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S i #1 x 1 O'Vcm 3 V-zfZtitznMA 1 0 . ieG a 0 .84NJ: 1 
(DM 25t>/x hp-Aoli^t^7> K-ycDG a N J: 9 

coMt i&sts.\zmm ztitzmfe^mfr b/^, mmmtm^n 1 . 

*£3 0 n$J?5-y KB 3 1 3 £ bT\ SCMr/<> K4-'+ -y 

n^-jOii:^< K-7°lt N K-y^n^ £^{I£-{g;< 

<b#T-#£ 0 £k #nffi*5 -y KJI 3 1 3 G^ft^/l) <Z>mf&%.V : 

(.nmftrt-f KJI3 1 4) 

nmibif* KM 3 1 4 fcU 1 u m(Dmmiz&M: £ tifc.T > K 

-^GaNJ:04*5o COnfflfttf-f K«i± N Sfta©*^^ ■ KJi £ Lt 
^fflUGa^ I n G a N^^^-tirT^^-r^ C ±i)<m$ L < > ilS 
100*>^ Am. L < 2 00^>/x ha 

Cfi5&m3 1 5) 

i£&/f 3 1 5(2. 4 0>>^'X hn-AOlf OT> K-^°I n 0 . 2 G 
ao.'aNJ: D^5#pJg(i:> 1 0 0*>y* b u-acdMI?£>T> K-7" 
I no.oiG a 0 .99N <fc *) fc£»gJi<fcj&<35St::SUl StixK *) > #Jx.tel£: 

Rj£4 4 0*>?'X hn~AO^mg^#RtIii (MQW) Ht^o ft. 

S&/13 l'5'<i*«©«fc9l=T> K-y-C*>«fc^U ^/:nl^«a' 

/ir^yjiw K-:/LTt>S< . c^ft^— ^fl K-7°LT fc J:tv 0 
(p«*ty^I3 16) 
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^yK^t'yT'i^^-^t ^, Mg^ 1 x 1 0 2 Vein 3 K-7°l/;p 
1A1 >0 ,$G a 0 .7N*«x.tf 3 0 O^V^X h n - $-£T 
^^-T-So :©pl^t y ^J13 1 6.(4 0. 1 ^mJ^TO^-C^fiS-TS 

Uttt^ 1 0*>rx h □ - A|^±oii t« t ^ : i ^'1 * Ut\, 
(PIM*^KI3 17) 

pflBfctf-f K/i 3 1 7(2. '<> K*> ^x^w^-^pl^t >v 
316ckH/J^l\ fflx.i-Z7 > K--/G a N£0. UmOjSfTfiJcl 

KM 3 1 4 <hlHj L> < G aN % I nGaNtSft$t5:i^I± Ll\> 
(pW^7 v.KJl 3 18) 

P#J^5 v KJS.3 1 8(2. ffliltfv 2 5'*>^x hD-A<ogf^tL 
^MgdU x 1 0 20 /cm 3 F-y^tl/cpMA 1 0 ., 6 G a 0 . 84 N <fc 0 

SI 4Oli:WII*<0. 6^mi/^j:9 fCfiJI $ ft^ete^JI «fc 0 
ttSo CCDp{|i]^ -5 <y K/13 18feAl ©^*I/£^8%T&£CDT\ §1 
• tO*li4. 8i«5o pl^7-y K13 18 W<itr-^ 

fr—yj(Dmiz&< K-yu^ i^^^ais k-t^t-p i^ii^^T^ 

t5:im5o (Bk *pffl]*5 <y KI318 GSte^jf ) OI^C/ 

-<£o *Tm&tlt* nMytifJ KM 3 1 4. fg&JI 3 1 5. p«*+* 
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*^rii^fni©^7y h'mv>mm&m< ut\ a i 

bjA#>& ^OX'hho L^Un sTftTv/bf Kd<tS5i % FFP 

-?Z?3frM£l>^o 3 7i»t:v^*- K*<*£Utt^ J; 51c 

*^ca*U<li500t>^hn-A-o. 8//m, ifellK^ 
0. l/im-0. 5 ^ moiEffitriSSf % c tfrMt 2 0 0t>/ 

(p1^>^ M319) 

'P«3>^/M3 1 9i^^Jx.^Mg^2x l 0 2 Vcm 3 Y-zf^tltz 
PmG a Ni&fctK HAtfl 5 O^V^X hP-ACDllcMtSo 
p«3>** h/f 3 1 9!UIOpIG a NOT:^.pl0 I n.A 1 Y 
Ga,.x.vN (O^X, 0^Y N X+YS1) tMt^Ci^T^^ 
Pli3 2 1 £J: OJtfFtt;*— ^ ? ^Jt££-?4£ /:toi:M g £ 



65 



WO 98/31055 



PCT/JP98/00025 



8H*?l>Tx II*ffiM^7 0 0°CTT — - »J >^*fTl^ pM^^^J^ 

£7ts HSfe?B«l4 0U — -tf^Tlix R I E^g(r«fc5^±jiOpfii|=i 
hS3 1 8<h. pi^7 7 KI3 1 7 t*i -y f- > UT, El 9 ic 

®&i£&xmu x h^^yt^o^^m3 o 3*^ss. &tfx h7-<r« 
u v i?&<Dmo6\znm'<y 7 7 i3ii omm&m&zit^ mmz-tttzn 

i^y7 7 l3 1 l©s®i:^naT iiAl J:^i5nIS3 2 2^ 

p*3>^^ hi3190'J 7^*«Bi:N i tAui^iSp 
li3 2 O^x h^-r^ttCMS U S19(:/Ttcfc?(:pli3 2 0i> 
nlI3 2 2 <hOf a 1(r^t±i L//;l{l:t^l(7)IIi:S i O t J: 
ffi«K3 2 3£^j&L. :oiii3 2 3^Utpli3 2 0 itM^ 
i:iib/:p^7 KWGi3 2 1 £^J&-f So 
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m.^iZ S i0 2 i:Ti 0 2c fc 0 ^.^l^II^^t -5 <*: ? K LX *> 

^t4nl^7 7 KM 3 1 3&tfp#j^5 7 F13 1 8(2^*1^*1. JS 

5o ***S^«l4^*>(r>Tx i ii 1 oof ©If ^ 10 0^ 

»R«fit£f£U jfrt l/< (37 O^^'x ho-AJ^T> $ L< 
4 0 * > N-A2iT©llOIjtWi^IriIt^ z'tiz* 
*)M$L-t%o m#tots:mj8Lk LT(£> flJ^tfA 1 ,G a i-iN (0<X< 1) 
Jl<h. ^©A 1 xG a i-xNiliffl^^^Sfteo^b^^jii^M 
IstzM&^k, fflx.i$A 1 xGa,.xN/G a N N A 1 xGa^xN/A I y 
Ga.i-yN (0<Y<1. Y<X) N A 1 xGa,-,N/I n t Ga,- 2 N (0 
< Z< 1)" a^(D3-x;SS<t 3 7cSSx ^ L < (2 3 5cSII£:2 7cgll<t®*& 

<D(iA 1 xGa,. s NiGaNa^/^i^^^o 

■ oizn&lstz&o&^o bcok-tZo m*-\2 2 5*>?X ba-ACDA 1 
o.sGa B .jNi, 2 5*>^*X hn-AcDG a N-«fc*2 0 O^T (1. 0 
fSJIL/fc&te^OJi^ HTOIf 5 Oty^'Xhn-^ A 1 
rtt;lOAlj| H B a li:^0. 5Tfe«/rJ6 % *CDA \ Z'SVmcDMikikO. 

oizmmit (2 5/5 0) zmttzmo. 2 5^i\ ^©i^oa i 
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■£tz, mm-fimtezm&, a i 05 g a 0 . 5 N^4 o*>y* t d-a^ 

0. 5 (4 0/6 0) =0. 3 3<!:^O0T\ A 1 ^g&f&te 3 3 . 3% 

t-tZo w*>a i *r£t?snm¥m#m<DA 1 nnit^ zomitva^m 

^Al 0 .iGao. 8 N20t>nFo-A > A 1 „ . 2 G a 0 8 N 3 0 * > 7 
X hu-A©J#£& N 0. 1 (2 0/5 0) +0. 2 (3 0/5 0) =0. 
1 6. BPS 1 A 1 lT£o tt*Jfi(±©«(iA 1 G a N/G 

a N> A 1 G a N/A 1 G aNi:o^ti^ Lfcj&< x A 1 G a N/ I n G 

aN^c■ot^T^)I^Il:3scds^^&^iSffl■rs^)©<?:■r'5o nmtJ'vym 
(da iw-m&mt, s ims (z^^t>itMM) > 

5 v K®3 1 3±&£>J¥££0. 5 tim&L±£ L> fro*(Diii^ y K 
131 3i::^$ttSA 1 ¥^IIJ&£W#^ (%) T^L^^JC. n fill* 5 *y 
KJI£{*OJ?$ (/zm) <t A 1 (%) iOSfJ&M. 4&±<ttt<5 

ni^7 7 K»3 1 3O^^0IH^O. 5 >u mJ^±(;:t&£ l^og^Jp 
K:±&©<k9i::*tb£ft*"5£$s (%) T&istzA I (D¥-m&f& ; &mbtz 
4. 4^±C/j:*a:-5C N S^ji^filfife-rs^jiO^tA 1 CD 
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nl^ 5 v KJi 3 1 3 ©J5$j&<0. 5#m<kG'*>gp< x ^^©nfj^ 
5 y KM 3 1 3£#OJ?S (/zm) £ A 1 ^£j£E/& (%) <t<Dfej&<4. 4 

*'^^t*5, <£.0£F£U^A l¥**ffififc<i:n«*5y KM 3 1 3©^ 

tt*>\ *^B^T{in{SiJcD^5 *y Kii3 1 3 *a«?-C*fi6 LT^S fca6 % 
A 1 »aH:*^:^ < LT^ 7 ^ KjUr*5 -y ^^AOir < < t*S 0 
tni^7 v KM 3 1 3£&£>ill¥cD±pg(3; N M b b b#©I (^5 >y 

±<k L/n HuKnfiiJ^^ v F'lCa^tl^A 1 o . 5%^l±t't 

So ^Oi#^©fg{^4. 4fiLhT&* 0 L< linflij? 5 -y KJI©£# 

? v K/ffC^£ h& A 1 W-mRf&Z 4. 5%£X±£-f% 0 ZCD^&CDmi* 
5. 4£LhTfc*o EU:©I£H;§(*nfliJ* 5 «y KM 3 1 3<£>£ilf:£, iSte^ 

-So A 1 xG a ,-xNteA'l ziH < f-£JC££t,^ /<> -y 

S&tfJKtiA 1 *!lltf:X<7)*£ls ffljLlfO. 5£1±<DA UGa,-xNI 
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A l xGai-xNtilp:<^$-ti-c<t^ i|L— 
SrteKA l -/IHit^O. 5^±0A.l xG a i -xN^rJ&g J; 9 £-T<5 

0. 5^1©AhGai-xNI^ ^-f m©if TJ^I ^ 

JgJ?*<A 1 xG a i-xNOE^If aTt«50T. * 

pflfl* 5 >y KH £ n $j ^ 5 »y Kilifo) UJSJSfci?-* C £ & W^T" 
{S. Ln pM??? KJS 3 1 y KJi 3 1 3 £H*ll<E>*il5£ 

<t-f pffitf*5 >y KJI©J9gJ^£nfliJ*5 7>1J:^ t-5:i: 

#M£U\. tt-tf^S^ P#iJ^5v KiOA 1 ¥*§ffiJSJc£:fc# < -tsjk 

^u< imm^m< -tzt. a i GaN/icD^^{i^>t#<^^MfS](c^> 

*K A 1 G a NcOifiijt^S^^ < MtiK*<H < £ 5«|Sli::& £ jfrifc 

£*±©J!J¥*<fc*:: £j&<M* Uu 0 L/cif t> A l 0¥-ms.J&k 
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*»nl^7 7 KJI3 1 3 i!il«0«J5£<i:^-S^«/i:t>36^ H^' 

(%) TSLfcBH;:* p«^7«; K«^j*OI$ Urn) iAl?W 
Pll^y KJf£A 1 ^^■^M^^^^^-^-r^^^^i-r^^^- ({§. 

»J*-rsgft^¥3«*Jl&N n|j^7 7 K®i:|n|«jr x MAKGa, 
-xN (0 <X< 1) Hch N ^-OA 1 xG a i-xNJi£*aiaaW«s:Ste©gfl: 
»iMiriIl/;Sfe?iU AhGai-xN/GaN, A 1 xG 
ai-xN/A 1 vGai.vN (0<Y<1. Y<X) „ Al,Ga,. x N/I 
n.Ga,.zN (0<Z<1) m<D 3 5tZ§§H £ 3 tcMFb, li3 7LSS 

<fc"2^StO*a^*>-fr-Cje»?<!: U *:<DcpXbmbft£ L< ISA 1 
xG a i-xN£G aNi^^^Wit^ c 

[Xttftl] 
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>^ej^r (NH 3 ) iTMG ( h 'J ^ t-jVJj U A) <h*£H^ g«l 0 
±«CG aNi^^ilOA^rll 1*&j2 0 0*>$r* hn-A<D 

1 0 5 0°C(r^r>/z^. Bb<Ifi^i:TMG, T^?==-Tii 
X*/fH^ 'J7»«l x l 0 I8 /cffl 3 O7> K-^GaNcfctXESKS 
2©/<»; "7 r Jf 1 12*5 ^mOlft^^t^o 

1 0 5 0°CTTMG, T >^-7 N TW'Xi:i/7>^ (S 
i H 4 ) S i *1 x 1 0' Vcm 3 K-^LfcnlGaNiOttSn 

Rl^ I«*8 0 OtClTv IS^7i:.TMG N TM I CbV^^JV 
J l/W A) „ T y^-7> 7£Wfaif*\Z*/3 >#X*fflt* N S i *5 X 
1 0 18 /cm 3 K-^L/c I n 0 .,Gao.9Nj;D^^^77 *B£itJi 1 3 * 

-eiT^1 0 5 0°Ci: Ut N TMA. TMG> T >^e— T> ->7> 
#X*fiH^ S i *5 x 1 0 ,8 /cm 3 F-ybfcnlA 1 i.iG a 0 .«N «fc 0 
tt&miOJI*2 0^->^7. hn-i,cDllT«^ N «C*T\ TM A> 
•>5>*jLJ6n T> K-yGaN«k*)/j:5^20I*2 0*>* r ;* ho — 

*&KJP:0. 4A/mOj@ft : ?ji«kt)«5nfiiJ^5 v KJg 1 4 */£^£ -££o 
m^X, 1 0 5 0°CTS i *5 x 1 0 18 /cm s K-^UfcnIG aNi 
O'iin fiij^t^f ^ KM 15*0. 1 /zmOBII|TfifcS$«o 

TMG> TM I s T>^-7\ y7>^t>TgiI16^I 
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/cm 3 "C K-^Ufc I n 0 .iG a 0 . 8 N ck 0 ft 2 5 * V^'X ho 

ft\ S i £8 x 1 0 18 /cm 3 K-^lfc I n'o'.oiG a 0 . 99NJ: nc-SWffi 

itC#Fl^ll/:Wl 7 5 hD~AO^Ii?#Pl 
it (MQW) OiSttll 6*Sc*$-fr^ 0 

M^1 0 5 0°Ci:±l^ TMA N TV*-- 

7\ 7«ft^i:Cp 2 Mg (v^n^O^^jn^ ft,-* A) 

gtSi 0 fc^'y K^t y yx^/i/^-^t < % Mar* lx l-o" 
/cm 3 K-yOfcpfflA 1 o.3Ga 0 .7Nck!}tt«p«4 l + y 7m 17*3 
00t>^h n-AOJKff-CfiStR^-fr-So 

^t>T> 1 0 5 0°CT\ /^F^fyyi^-^pi^f -y^il 
7i'5 Mg^l x 1 0 20 /cn s K-yifcpSGaNJiOttS v 

vmit'lf'f F/f 18*0. 1 /zm©J^Jf:-C'Ji£g$ii-£o 

TMA> TMG. T T> C p 2 M g *fflt^ 1 0 5 0 °C 

TMg£l x 1 0 20 /cm 3 K-^UpIA 1 0 . 2 G a 0 . sNi: 0 ta 1 CD 
I^2 0^V/X h n-A©jg/?-ej£g;*iK ft^TTMAO**±^ 
Mg^l x 1 0 20 /cm 3 K-^U:pIG a N <£ *5 ft 3 Is 2 COM* 2 0 3"> 
h o-A<DttJ?T6£^£-t*-<5o ^LTCO&ft^^ft^ftl 0 0 01 

oisu &mmo\ 4 urrKDm^Tm^ *> te&vm?? v ym i 9 *Bt& 

M'&lt^ 1 0 5 0°CT\ p«*5 -y K«l 9 0±i:, Mg*2 x 1 0 20 
/cm 3 K-^LjtpIG aN£ 9 p#j3 >^ M20^1 50t> 
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tbHL^*H^m5. 3 0 6/6 6 2*icBBSS*i^ *SUfgfajOT — ->J 
>^Coc%Tfc#H4MlF3&5. 3 0 6,6 6 2#KBI!*£ftfc2fS: J &ffi 

R I EggK.fc OSJiJf ©pflijza M 2 0 ^.'pjffl^y K« 1 9 

■J -y ^il^fOT^^ff^C LTs nfjn >^ h/f 1 2 O^ln £Is til £ 

pfijzi >^ hJ12 0OX y 9"fII©l5l51iCN i 

iAuJ:i9^^pffi2 l&m&.'tZo — ^> TiiAl ck^^nll 
23^X h^-r^Cntjny^^ hI3 0(5(^lcMf 6o 

#:fC N g!2iw^-rj:-5^p^@2 1 nfi2 3 <b © Pal K 3S fcii L g 
W^lOlIi:S i 02 J: *>ttS*S*iU^2 5*lfiJtU C<£>*££i£i 
2 5^LTpli2 1 il^Cg^LfcpA'-y K1S2 2. &tfn/<y 
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^irfc^T> fiSteS8ftf&§- 2. 9kA/cm\ fHfitmBE4. 4Vt\ 

atmi 1 ) 

— ^ »2©'<^7ril 1 2 ^bCnl^V^^ h/I 

1 2£S i *1 x 1 O'Vcm 3 K-^lfcnIGaN#-T5 ^mj&^£i+ N 
n«^7 K«l 4£S i^lxl 0 1 Vcm 3 K-yifcnlA ! 02 G a 
o.sNI-TO. 4 /zmE£g$l*\ p$J^ 5 v KJi 1 9 ^Mg^l x 1 0 20 
/cm 3 K-^ifcpIA 1 0.2G ao.sNf-tO. 4^mSl$^ S fcC 
pfflj3>*£ h^2 0^Mg^2 x 1 0 20 /cni 3 F-7 8 L/;#-OpIG a 
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11- --G aN 

12- --S i K-^nlG a N 

S i : 1X10 1 Vein 3 



200A 



oitm 



^77 tffiltl 



13---S i K-^nll nO. 1G aO. 9N 
S i : 5xiO l Vcm 3 



n ? -5 v KJ1 14--- S i K— :/nI2 A 1 0. 2G a 0. 8N 

S i : 5X10 1 Vcm 3 



nyttf* K/I 15---S i K-^nlGaN 

Si: 5X10 1 Vein 3 



fe&m (MQW) 
C»MW175A) 



16... S i K-y I n0.2GaO.8N 
S i K-7*I nO. OlG a 0. 95N 
S i : 8X10 1 Vcm 3 



17- -Mg F-7°pIA 1 0. 1 G a 0. 9N 
Mg : lx 10* Vcm 8 



18--*Mg K-7°p^G a N 
Mg : lxi0 2 Vcm 3 



P 9 7 *y K 



19---Mg K-^pIA 1 0. 2G a0.8N 
Mg : lxl0 2 Vcm 3 



20---Mg K--/pIG a N 
Mg : 2xi0 2 Vcm 3 



500A 



0. biim 



0. Inn 



25a 
50A 



300A 



0. 1/im 



0. 5fim 



0. 2tim 
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-zmm&Mtmm£titzt)\ mmmmts. ovg(±&<K M-e^nt 

\Mmm21 ' 

-T/bfcngA 1 o.o 5 Gao.9 5 NJ:f5 4^I10l^3 OtV^hP- 

z\/-iftttL,tztz.?>^ mmmmmm2. 7k Ay-cm 2 . mmmEE4. 

f 2©I^S i^lxl 0 18 /cid 3 K-yi/:GaN<i:t6ffelis 

fl^i 1 Cfc^T. JR2©'<? 7 7 1112^ Si^lx 1 0 I7 /cm 3 

!f*?*ftUHbrt: KH1«SKSBK2. 9kA/cm 2 , 

5 VK±#b*:j&< ^ii5 0^±^U/:o 

[Jt%H5] 

ItfeflJlKfc^T. nlny^^ hil2^ Si^2xl O'Vca* K 
ORHrfiS^^ S i^lxi 0 ,9 /cni 3 K-^UfcGaNJ;fP 
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SiSU t&mm2 vmCDmfe^mmt-fZo ^U, nffii]^5 v Kil 4 
^Si^lxl 0 19 /cm 3 K-ybfcnlAlo^G a o .sNf — T 0 . 4 jtz 

Ttvtztzz, mmmmmm3. 2kA/cm 2 , mie4. svt\i 
nmm6\u mmmi t&mLT, oto cd . (2) wmizzttiiu 

(1) -7 r/ll IfiRftSU TMG<D^ih#>T. 1 0 5 0°C£ 
-?±#£-£3 0 1 0 5 (TCiC^o/c TO'XCTMA, TMG> T> 

7\ ->7>*fflt> S i £1 x 1 0 l Vcn 3 K-^LfcnSlA 1 0 . 2 G 
a 0 .6NJ:O^^I10l^6 0^>^X h n - A©If«I $ -tK fit 
t^T. >5>. TMA^-ihi6T > K-^©G aNJ:^/j:§I2 <OM^ 4 0 
h d-a^pi^t-^ ^itlii+f 21+111 + 

H2JI+ • • • <t<^? «fc 9 cs^^Ji^effijtUx ^ti-etmiom&s o 

Oil. 1201^5 0 OJIS^ECfSJiU fc£J1^5 /zmcDtSte^ fl-fc* 

(2) <t|pJ^CLT> Si^5x 1 0 l8 /cm 3 K-^bfc 
Ino.iGaojNi'Ott*^-; ^i£±® 1 3^5 0 Ot>/X ho-A 

0 5 0°Ctr LT> TM A N TMG n T>^-T. >5 
>2rfflCV S i ^5 x 1 0 18 /cm 3 K-^lfcnlA 1 0 . 2 G a 0 - 8 N cfc *) 
Snfl!!£5 »y Kill 4^0. 5^m©if-C^I$ii-^o 
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4. 8Vt\ 4 0 5 nm<Dmffi&Mib<J&V3^ti^ m$t 3 0 B#R8£Lh£^ 

h n-AJ^T) . B (lOt^^Xha-A) . C (3 O:*^* hn- 
A) N D (150t>^hD-A N *H2fe«) > E (5 0 0t>^h 
n-A) N F (0. 2 urn) . G (0. 5//m) . H (0. S um) com 

$>% 0 pffll3 hI2 0OBHli5 0 0 ho-A^ £ £ 

i:^l<ii3 0 0t>^ho- A J^T T ^^ci^l^L^o ^fel 
0*>rx ha-A&T Gfeefc^l/^ 1 ?/!. 2JH : ?JI£<) tcttSix T 

ft 9* B9iI^Ete±#-f SfEfSiK&fco 

ifc^T:MIfc:{6TbTlr**o 
Ofct*«2) 

0 19 /cm 3 K-^UnSA 1 0.2G a 0 . 8 Ni:f}^^Il©Ml 8 
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mmt-tZo obi ^^i^2©M©^^^ii< 'L/t»j6-c«fijtLT' 

tlX 1st. t> fZo 

i^mm 7 ] 

H££#J6 ir&t^T. vMt^v KJI1 9^Mg^l x 1 0 20 /cm 3 K— *f 
\jfzK 1 0.2G a 0 . 8 N> 6 h o-AJ; Qt±%mi <Z>JSt, Mg 

* 1 x 1 0 20 /cm 3 K-/l/fcpIGaN, 40t>^ hn-A^fc f>fc* 

tmnois-v'm^&ftm-rzo o$ *k ntt£0j6© p#j*5 y km i 9 

nmm7 lz\$si,*T^ ZblZnM?'? v KUl 4£S i £1 x 1 O'Vcm 8 
K-^UfcnIA l0.2Gao.sN. 60t>/7hn-AJ;?)^SIl© 
S i *1 x 1 O'Vcm 3 K-yU:nMG aN N 40t>^ho- 

hill 2. pd'J^5 -y K«l 9^^DX.Tn{|ii^^ >y KJH&j&Jfc 1 ?^ U 
[Jtlfcffl9] 

^JfeF'J 1 tc&OT. I2^<7 7 rll 1 2 *JSS$Hi"f C % X 1 izffc 
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TSi^lxl 0 19 /cm 3 F-yU:nIG aNf^5/(m^I$iiSo * 

omit, mmmi tmm®mm*^-tz> u— fm^t-tZo 

CDM^m&^&^T, nflfl* 5 v KJi 1 4 *2 0^>^'X hn-A©S i 
(1 x 1 O'Vcm 3 ) K-^nlAlo.jGao.eNiO^SSlOlix 2 

"Ot^^hD-AOMg ( 1 x 1 0 20 /cm 3 ) K-ypfflAlo.iGai, a 
N«k9#£*10JI<*:s 2 0^>^*X h o — ACDMg (ixlOVci 8 ) 

150tV^Xhn-A©Mg (2 x 1 0 20 /cm 3 ) K-^pIGaNiL 
/CchC5. SMtmSESSie 3 . 3 k A/cni 2 t:\ 4 0 5 n.mOiglSfSgMffilS 

[J«S«1 0] 

Sitlxl 0 l7 /cm 3 K-^b/cG a N£-r£ffet*s ^ifeflj 9 £IrM$<Z> U 

mmm in 

**fe«9l-*JC^T^ nff^7 ? Fill 4^Mt^I2^)i^ S i * 
1 x 1 0 19 /cm 3 K-yifcni I n 0 . 0i G a 0 \ 99 N «fc"T Zi&ltmmz UT 

'2©1®1^ InGaNiU 1 1 ©1 2 OltO^Mf ^ 
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mmm 12] 

f£»J9C&^T. nl^7 7 VM1 A^mfo-fZmiom (Si : 1 
x 1 0 ,9 /cin 3 K-7°A lo.2Gao.sN) ©MI?£6 Otvnho-Ai 
U I2 01^S i £1 x l O'Vcm 3 F-yifMOt^^ hn-AO 
GaN(hU MI 0. 5/im©ittf«jgtt5o $^i:pI^7yK 
HI 9^Mt^I10I (Mg : 1 x 1 0 20 /cm 3 K-^A 1 0 . 2 Ga 0 .8 
N) <D)1J!:£6 0^>nho-AiU f.2©I (Mg: 1 x 1 0 20 / 
cm 3 K-7° : G aN) ©§II?£4 0^>^X ho-Ai U ti&mM-Q. 5 
/zmOl^^Iigit^o 0 nM9 =? v K® 1 4 ^mfc-tZ^l com 
tm2(Dm<D K-^S^fH] DC LT, KffC^r^-ft^-tir^ pl^-; KM 1 
9^«^-r5miOJi<bm2©iii:0]gl?^^b$-^5fifeli. H^^J9 

4 o 5 nm(Dmmmmtmm^ti, mmmmts. 2 v. Mt>2 0i$n 
mmmi 3] 

HJSflll lC&t^T. nmt? v KUl 4*mi&tZ>n2V>m- (G aN) 

05 i x 1 0 l7 /cm 2 t-?Z>WLtenMMl 1 ijHj^O^it^W-T^ 

u-^^^fp^L/c<tc^s lutein 1 t&immoft&^-tz u- 

[JHfeW 14] 

H^ill li:^^, n$J?5 -y KS1 4%mj&-fZ>m2(Dm (G aN) 
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mmmi 5] 

nifeffl9lzlo^T^ nM?yv K® 1 4 S i * 1 x 1 0 19 /cm 3 K-T" 
Ufc nIA 1 o.zGao.aNf-TO. 4 # mgtS & 4*$ fib ft RUSK: IT U 

1 90*^ftW10«l:?i:Mg*l x 1 0 20 /cm 3 K — :/OfcpffllA 1 o 
. 2 Ga 0 .8Ni;^^IlOls 2 0t>^'xhn-Ai N Mg^lxl 
0 19 /cm 3 F-7 9 b/:pMG aN ( k>)4^I2©12 Ot>/X>D-Ai 

2 0 ^H^M 5 0*>^X hn-AOMg (2 x 1 0 2 Vein 3 ) 
MpjBGaNiUfci:^ H b < M li^t^ 3 . 4kA/cm 2 t\ 
4 0 5nm©aiMA<5IS§n, P4fimiE(3:5. IV, f^r{i2 0ra 

[JEftHl 6] 

Ml (DM (Alo.aGao.sN) ^60t>nhn-A<i:b, I2©1 (G 
aN) r4 0t>n h n - A t bxmm U ifegJgJSO. 5 //mit^te 

Clt««17] 

*ifeWI9C*JV^Tx p«^7y KJB 1 9^Mg^l x 1 0 20 /cm 3 K-7° 
b/:pIA 1 0.2G a 0 . 8 Nf- "CO. 4 // mJiKftd -tt*fi&l*HSlr: L/T 1/ 

1 40^IM10J:9i:S i *1 x 1 0 ,9 /cb s K— :/ LfcniA 1 0 
.zG a o.sNJ: .f?te£Sg 1 ©I N 20t>^'xho-Ai N T>K — "7© 
GaNj:^^! 2®I2 Osf hn-A^^WiIH0. 4// 
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150t>^'XhD-AOMg (2 x l 0 20 /cm 3 ) K-^pMGaNiL 
fHjb< HOTI^3. 5kA/cm 2 T\ 4 05 nra©IIS 

[HSS0J 18] 

miom (A I 0 . 2 G a 0 . 8 N) *70t>/XhD-AtU m2©ii^ 
S i *1 x 1 0 ,9 /cid 3 K-7"U: I n 0 . 01 G a 0 . 99N, 70t^^'x ho 

-At uxitjiu #&iuro. 4 9 umftzmtmifemi i tmrnco^ 
intern 19] 

miom (A 1 0.2G a o.sN) ^60t>/Xhn-A«hL, JH2£>/I (T 
> K~7*G a N) ^40t>/X h n - A £ LtM U ^Mi¥0. 5 # 

0WI6«2 0] 

H;&fe#'J9 Kfc^T. S^i:n<i!^ KM 1 5^7> K-^o G a N <fc 
(3^^110^ 2 0^->^X h □-Aiis T> I n 0 .iG a 0 . 9 

N<k*>ttSJjr2©Jlx 2 0 <t£fgJfLTtt£ 8 0 0t>^xhn- 

AcD^^^Mi-r-So -enciox-Tx pfiij^Ty-r khi 8 &r > k-^o 

G a Nek ^i^Il OJg N 2 0^- ha-A^ % TV K-^<D I n 0 

iG a o. 9 Ni: *)tz&n2 ©S> 2 0*>^'x h o - A ££f«Jf Lttt 

84 



BNSDOCID: <WO 9831055A1_I_> 



WO 98/31055 



PCT/JP98/00025 



mm-8 0 0tvnFo-A«?Mi:n o o£ *K «1'(D-S*« 
itKfe^T, nflij*5y Kill 4. n{|iJ7fc#V KH5, pl3fe^V KJ1 
1 8> £.tfptfij? 5 y K/i 1 9 tZMfe^mmt U $^i:S'fcp«3 > 
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0 t>2 0 9tffil±«*lTt^ o 
[Hife0>J2 4] 



86 



BNSDOCID: <WO„9e31055A1_l_> 



WO 98/31055 



PCT/JP98/00025 
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^'x Ko-A N T> K-^OGaN£0#£Jr2cDiI£4 Ot>^hP 
-AOlfxtl^s *ft*'*i»l0Ji*5 0 O/gx Jft2<Z)/i£5 0 0 

»«cLTLED*?*ff»L3t<tC5. |Hlb< I f 2 OmAKfc^T. V 

ff*3. I VCfiTU »*BEElifie*CJt«JtKLT2. 5®&L±lzft 
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i»j2 3cfc^t, pfiij^^ v kj§ 5 zmfe^o^i com (a 

1 o. 2 G a o.sN) ©Slip: £-6 0^>n ho-AiU I2ol©lM 

3>mi^SttJiH:»©*a^ Vf 

«3. 2VT\ »1SiB£E«^0 2«li(±-c*-9/ro 
CSfettM 2 6] 

EI -2 : £^tt5<£:C^M: % SSI 0i:GaNJ;»)«:5SSl 0 l^ffit^TC* 

tft77^Tlf±CMOVPEa, liHV-PES*ffi^T, 
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& N if "7 7-f7M^iilTf$ 3 0 0 /zmCDS i K-7*G a NSI1 
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^4ti:ii:^Tit»n5 0 GaNgll 0 1 l$T > F-^T^ 
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GaNSSl 0 0 5 0°C?cUT N Si^3xlO u 

/cm 3 K-^U^nIGaN<j:^X5I30A\ y 7 7 111 3^3//m®I 

kji i3o/<777iii3i^-5o ftfc 

GaNssi o i tm3e>'<y7 rmi i 3 ' t<DK\^ nmmi tmmiz 

^i:i30^'-y7 7ll 1 3©±i:, HJSflJ l titles i^5x 10 
18 /cm 3 K-^Lfc I no.iGao. 9 Nj:?3 4^^77 ^ttll 3^500 

&JC> Si^5xl 0 ,8 /cm 3 K-7°l/;nIA 1 0 . 2 G a 0 . s N J; 9 £ 
2 0:*>^X bo-A<±: N S i ^5 x 1 0 18 /cm 3 F~7°L^G 
a NJ: f9^^>^2cD® 2 0^>^'Xhn--A<h£:10 0 E^Slcli/g Ltz^ 

friznmmi tmmiz. Si^5xl 0 ,8 /cm 3 K»yU:nIG aN£ 
Ott* nM^t^V K/f 1 5 £0. 1 timvmM'C&L&ZikZo 

T> K— ^1 n 0 .2Ga 0 . 8 N < l:!)4^#pI > 2 5^>^*X ho 
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x h & - <u(Dg>mm : f#] B wm: (mqw) ogti 1 6£^$-£&o 

.sG a 0 .7Ni^5p#J4f y :/Jil 7^3 0 0* b v-J*com 

Jp-Cfit**^ Mg^lx 1 0 2 7cni 3 K-^LfcpfflG'aNJ:»)tfSp« 

ifcC^Jteflll im«ICLT^ Mg*l x l 0 20 /cib 3 K-rUfcpSA 1 
o'.iG a o.s Nek 9tt£Jftl 2 0*>?'x hn-Ai, Mgtlxl 

0 20 /cm 3 K-7 t UpIGaN < fc*)/i5I20I > 20tvnho-A 
<£9^&> fc&MJPO. 4 /imcDlS^^MJ: 0 tz -5 p fill* 5 <y KJi 1 9^ 
J&U. pl^ -7 *y KB 1 9^)±(c N Mg^2 x l 0 20 /cm 3 K— ^ 

Lf:plGaN<i:^^pIn>^^ hI2 0^1 5 Oty/X hn-A 

7 0 0°CTT--V JMteWl <hH*f::. R I 

®0(5i3f^®JlN i £Au «k»K«i:*p^ffi2 l£7£j&U GaNIfil 0 
lOliOlilfiSi:, TiiAl i^iSntS2 3£J&J5Sc-f So 

OSi0 2 J:!)/^^II2 5WU COtfe»flt2 5£^LT* pf 
@2 1 (hi^CglUcp/^y KIS2 2^^^-T^o 
liM^ Pli2 1 f^H^ft-cG a Nlf 1 0 l*'<-tKlc§J 
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S100±CSi^lxl 0 18 /cm 3 K-7°U:G a N-fc 0 tt* nflH'<? 7 T 
111^-4 /im<DmW--C-J&&£-£Z>o :®'<7 7 7l(i, U3®ch-) tt« 

UTfefPffli-^o C0n«/<7 7 7iWgTJ$I$t<5/<y7 7 
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tix" MlCi^'V KJB<fc UTflUB Un G a N N I n G a N^^g^if^ 
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1*2 0 0* V^'X ho-A-l /zm©ISJ?T^$^£:: £j&<^£ UC\> 
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(?5&JI 16) 
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&!££1 0 5 0 e ClZ±lf^ TMGn TMA. T>^-7. C p 2 
Mg (-/^n^y^^jL— ;1/-7^t^>^ A) KJ118 
J: 9 K4^ + «y r^TWl/^— t^;*;#<^ n Mg^l x l 0 20 /ci 3 K-7° 

UfcpMA 1 o.sGao.TNJiO^Spill^f y :/« 1 9 £ 3 0 0 > 

1 O^v^'x h D - A^±0ilTMt^ c ^^Mf Lt> 0 
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{HJt£#V KJi 1 8£0. 1 ^m©Mip:T-^g^-ti-^ 0 cco/fi^ gil© 
fttf-f KMi UTf^ffl U nlMV KS1 5 £|ojD< G aN, I n G a 
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2 5^Up'«S2 1 <!:l^(:MU/:p/<7 KfS@2 2. Rtfh'<* 
Kli2 4^Mt^o COp^y K«S2 2(iII6^iplI2 1 
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/cm 3 K-7*bfc In 0 .iGa 0 . 9 Nj;O^S^7 vfffiitM 13^5 0 0^- 
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trng/<£>^>ft:$7^ft\ U < I n G a N -C/£^ £ £ C ii: <k Q ^ 
A 1 *^trS^¥^#^*C^5 v ? &AZ<D$:ffi±-tZ> Z t&-?£ %o 

£fuI5©<£9K^-5 *y ^&5Mt£ LTfEffl l/ir < < x 0. 5 fi m «fc (9 fefft * 

/:WJ;^^nij^7 KB 1 4 <k N T> F-^nlM^ KM 1 5 

(nfiij*+- yZfM2 0) 

Ml 5 <kn'<> F^t S i £5 x 1 0 18 /cm 3 

K-^LfcnIA 1 o.3Ga 0 .?NJ:t)^^n{l!l^ + 7 7°I20^3 0 0t 
>^'X h n-A©KJ*Tj£g£-£* 0 
&t«S«£0!l2 7 £l3«K:LTJ£ttJf 1 6. p#J* + y-fMl 7. T> K 

I19> pffljs h®2 O^JifcgS-ti-So 

K-^u^ii*$^«cffi;«stft$^ t--»;>^ n di7 {i^-r n 
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7 r^TSfi^WSKJ: SBfafcU G a Ng« 1 0 0 <D^®£©fcfc $if-« 0 
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lt^7 7^Ml 3£-j&g£i*& 0 8:^*0^7^ ^l&jhJlo±c 
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/cm 3 K-^U:A 1 0 .sG a 0 . 7 NM-1^0. 4 // mOM^-c^ $ 
zmu **«2 7iH»i:l/Tx l>— !f*?*fl5B Lfc «t C 5. ' Bl L> < 

3 1 ] 
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^1 x 1 0 18 /cm 3 K-yif:A 1 0 . 2 G a 0 . 8 NI0. 4 /zmtt £o ttz, 
p|j^7-y KJlfeliai^tt^a^i^-rx Mg^lxl 0 20 /cm 3 K-y 
L/3tA 1 0.2G ao.sNJBO. 4^m<ht§ 0 ftt>0*C N n«*^KIl 
5 3rT > K-^I no.oiG a 0 .9 9 Njl3 hn-Ai, Si^l 

x 1 0 I7 /cm 3 K-^UfcG aNi!3 0:t>^x Fo-At*ML.fcai 
BO. 12ittmOaftfIltU pl*^FI18*7^.K-^In 
o.oiGa 0 .9 9 NI30t>^hn-A < h N Mg.^1 x 1 0 l7 /cm 3 K-7 9 
Uf:G a Nil 3 O^V^X ha-Ai^ii Lfc*SlgJ?0. 1 2 /zmcDjg 
tt^««£*-*ffetell;&fe0J2 7 tmmi~ LX ^-fI : ?^ll/:^:6^ 

[Jl*«3 21 

aNJI£3 Ot>nho-Ai N Si^lxl 0 19 /cm 3 F-^U^cA 1 
0.05G a 0 .9 5 NJI£3 0t>/7 hD-AirilL^If 1. 2//m 
©iCTit^o &l*HJfe0J2 7 tfflWz OX, nffl!j^7 7 KI14^ 

iefiU WttteH«s0j2 7©t>cDtrihKUT^ : FiSTU **lilO 
[IMfeCT 3 3] 
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^II3 2Mi> 'Jx-A^s^grtirtyhu 105CTC 
T\ T> K-:/G a Nek 9 ttSG aNMl 0 0 <htt S G a NJ§£ 1 0 /z 
m0lll(:^I^^ o ^$-^SG aN^cDJEF* bt^g^ii. 5fe«= 

LC< l^I^t§{*li3 2©^®JL(C. «^[S]tCGaNJi^^$ 
t«fftTGaNSfil 0 0 . S#J(i{SSm3 2<D±lz\i 

G a Njf a<J!£g-£-$\ ^[»©T> F'-^G a NI3 1 0±i:G a NJf 
iR/d«$ft*o.8H>TG a Njfco^g^^s G a N/l^tt^R 

GaNIlHl±ro/i:j&^t N &mm3 2©±CG aNlW5Ufc^O<k 
3 tt#fl&itt*o <K GaNi3 l±(ri^^M3 2^UtGaNl 

«I$«^^GaNI3 1 ©*Sfi*R&ci: N §313 2 ®±Clfifcg S*l 
t^5G a 1 0 0 tco&ikXmtD-gi-ClbZo Ttt*>*> N Mll<b 

0J3 3©ct9{C s ^li 3 2 ± Ci^R C^I $ ti/; G a Nli 1 0 0 \U 

mmmm±izw.m&.M:Ltzb<DT~tete < ^ mm-? zmfr -&tzG a 

NIK §§13 2±Cl3l^[plJrfiJcg-rsc iCi f)^*i:o/;^o/; 
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ZtlXtlZG aNI^Sfii tSItHJ;^ ^MM 2 7 0G a NIIi: 

K-^GaN13 lOlga^Kttl 0 1 Vcm 2 £Lt& 3£V COHife^J3 3 
O^ftfcJiSGaNSigl 0 0 ©ttB&R&t* 1 0 6 /cm 2 £TFKM^ 

MM 2 7 tmmiz ITS i^lxl O'Vcm^K-yU/cGaNiO^-Sn 
«'<77rl> #3V^ Ml 1^5 /zm©jgJ?-CE££$-£fcgu HJ6 
W2-8 i^»i:UT> Si^Sxl 0 18 /cm 3 K-7Lfc I n M G a 0 . 9 N 

RKy 1 050°CT\ TMG\ T >*±Tff TVF-T'Ga 

TMA£iIftlL7> K-^A I o.iG a 0 . 9 NI^5ty^ hn-A^I 
^ »Xv7 >7?x£ilftnLS i * 1 x 1 0 is /cib 3 K-^LfcA 1 0 
\iG a 0 : .«NJi£2 h n-A©^J£-ej5fcg§-£fc& x S i £jh 

#>TT> K-^A l'o.iGa 0 . 9 Nl^$ £C 5 J*-^* hn-ACDm^X 
'j&gS-tf*:: *K '<> K*> y^Jt*,rt/^-CD**lWH£ 3 0 Mm 

3T(^ I2oilhWiftl<!:^l oiW*t*I^^Wtil 2 

mi 4*»/*-r*o 
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ftl^ 1 0 5 0°CT\ TMG N T>*~T^*ffll^ 7>K-/Ga 

TM A^-il^o U7> K-^Alo.iGa 0 . 9 NI^5^>^ ho-A^l 
m^XC p 2 Mg^ii^DLMg^rl x 1 0 20 /cm 3 K-^UfcA 1 o i 
Ga 0 .9NI^20t>/X h n-A©KIi-eji£g£-£rt:8U Cp 2 Mg£ 

2 0Ii:«5<fc?i:g[IU 0. 6 ti mJm.Z>^ jgt&^tf&ck 0 5 n flij^ 
^LT^&C. H$££IJ2 7 iSfilJC bTpflJn >^ ? h/f 2 O^fc&Z 
*->^*ff<^p«*5«y KJil 9£LLcD/i£x WJ 

Efcb. — 3r p fii] u > ^ £ hJf 2 0£>>J y ^ilii:fepli2 l^x h5 
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0%fiTU fc^.4 0 5 nm(DMm¥£mm$ite, 2 0 0 0B#R8JSU:©f^ 

8K:fc^T\ G aNSfil 0 0 8 0 /£m£t±OK^-c^$-l*-3t 

^KhU ISIf 3 0— ££gl&3 2{i^5fe-T5C < i:fepltg-c*So 
3 4] 

MftSSitt\ il^cDTV F~7°G a NI^2 O^f V^'X ho-Ai, 

5 I *1 x 1 0 19 /cb» K— ^UfcA 1 o.iGa 0 ..Ni^2 Oty^h 

r> F-^G aN1^2 0^>^'x Fo-Ai, Mg^l x 1 0 
20 /cin 3 F-yb/cA 1 0 .iGa 0 . 9 NI^2 0 * h o - A t £^JI U 

^^-fi^L/riC^ H^J3 3(Dh(DiZitmLX, ^illilTL 
fcrt< % 3M*tetet*HD2 0 0 0WH2U:£3i*bfco 
[HM^J 3 5]-- 

^»J3 3i:fc^T^ n{RiJ^5 »y KM1 4 £j&M£-ti:5lgU Si^lx 
1 0 19 /ctn 3 K-:/Lrt:G aNJI*2 5^>^'x f»o-A^ T> K-^A 
1 o.i G a 0 . 9 N^^2 5 ho-Aimi:iIU fcSiiJP: 0 . 

6 ^mOgft^aigif So — 2u p{H8*5 -y Kill 9^S$-^«Wt>x 
M-g* 1 x 1 0 20 /cm 3 K-^bfcG a N®£2 5t>^ho-Ai % T 
> F-^A l o.iG a D . 9 N1^2 5?f>^X hu-A^^SCMU 
8»I0.- 6 /zmCD^^^^it<b-r^ffe{i^^J3 3 £[5j*£ic UT U— if 
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mmm3 3k*s^x* nm?? >> kji i 4^^^^^>m. si^ix 

1 0 19 /cn 3 K-:/Ufc-GaNJi*2 5*>?X ho-Ai, S'itlxl 
0 17 /cid 3 K-^LfcA 1 o .iGa 0 . 5 NM2 5^->^'X hn-A<h^I 
Kamu *£JUP0. 6^m©I^Mit§ 0 — ^ N p {RiJ ^ >y KH 
1 9 ^$^£-£3 Mg^lxl 0 20 /coi 3 K-7°U/;GaNI^2 5 
tV^ho-Ai, Mg^lxl 0 18 /cm 3 K-^bfcA l,.-,Ga M N 

[HSfe0I3 73 

2MfcM3 3C:lbH>T^ .nfl!J*5y K^^^^^tliichiir-rc S i ■£ 1 
x 1 0 19 /cm 3 K-^L/cA 1 o .iGa 0 . 9 Ni^O. 6 um<DmWX'f&M:£ 
i±£o — p«*5 >y Kill 9^ScS$-a-SKItix Mg^lxl 0 20 / 
cm 3 K~7°b/cG a N1^2 5^>^X h a~A<h> lxl 0 I8 /cb" K- 
7°U/:A1 o.iG a 0 . 9 NJI£2 5 * > h a - A t £3SZ U 

mmo. 6 tim<Dm&=?mm.t'rzm'zmfeffl3 3 (ti^cuTu-if* 
ttftMLiztLz^ mmm3 3\z&mLTmm\t^= : F±g-Ltzfrmi>< 

1 0 0 0^J£(±O^^L3to 

«2T*& — ) 1 1> nfr<y7rll 1 BSC Si^lxlO 19 

/cm 3 K-^UfcA lo.o5Ga 0 . 95 NI50^>^Xho-Ai x T> K- 
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HSS^J3 3®&Olz&mi,T^ mm^=f&TL, m$il*3 0 0 O'B^fiaJSi 
[Hifefll 3 9] 

nfa&\3 3i-^^T. n#J^5 «y KJf 1 4^T> F--/G aN12 0^ 
y^'X ha-Ai, S i*l xl 0 ,9 /cm 3 K-yi/;A 1 M Ga 0 . 9 NI 

ikOnmytif-i Kill 5£S i^lxl O'Vcm 3 Ltz G a NH 2 5 

tV/Xho-Ai, 7>F-7 s Alo.o5Gao.9 5 N125t>nhn 

— pM^ M g ^ 1 x. 1 0 1 Vcm 3 F-y I/; G a NI 2 

5*>?*X hn-A<h N T> K-^A 1 0 . osG a 0 . 95 Njf 2 5*>?K h 

pffl]*5 -y Kill 9^7> K-7°G aN120t>/x hn-A£> Mg 
£lxl 0 20 /cm 3 K-yu/;A l 0 .iGa 0 . 9 NI^2 Ot>/XhD-A 

innm 4 o ] 

nmVUOli^ 3kMM3 3 tmm. GaNItlOOM^TMl/: 
^-©GaNSil 0 0O±i:S i £1 x 1 0 ,8 /cm 3 ELh 
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^2/zm^IJ|T^I$-ti:5o tf*>\ :oi^7>F-^GaNix S 
i*F-^lfcAliGai-xN (0<Xs£0. 4) ^b^^WIil 

n{nj3>^^ hji*rt£s**^:a % as* 8 o o°cclt. mm 

TMG, TM I , 7^-7> ->7y^t\ Si^5xl0 
I8 /cm 3 F-yU/:I n 0 .iGa,.,NJ:!)tt5^7 y ?B£iL/I£5 OOt 
ho-A©llT«$-ti-^o :p^77 ?&f±JIti I n^trn 

i*<-c**o «fe:o^7 y^Rjtllil 0 0*>^* hn-A£l±, 0. 
5 iu mlilTOIifTStl § ^ 5 C t U\> 1 0 O^v^X Fd-A 

tt^tx 1 0 5 0°CTTMA> TMG N T>^e~T> >#X*/J3t V 
Si£lxl0 19 /cm 3 K-^LfcnIA 1 0 - zG a 0 . 8 N «fc v £S£ 4 
OJt V^'X h o-Ai, 7>K-y<DG a Nil* 4 O^V^'X Kn.-ACD 
aJ¥"ej£g$ii\ ^ft-fc'ft 1 0 0 Jf-T-^feJI Lfcx 

£H>T> T> K-7*A 1 o.osG a o. 95 N J: 0^-6 n «iJ5fe^*-< Kii^O. 

Ol^GaNiA 1 G a N^^$ its ; t So 

T> F-yi n 0 .oiGa 0 .99NJ:0«5gilI*4 0 0^>^'X 
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^^^Mg^l x 1 0 19 /c m 3 K-T/L/cpMA 1 0 . 2 G a 0 .sNJ: 0 +ZZ> 

t^TMg^l x 1 0 19 /cm 3 K-7°l/:pIA 1 0 . 2 G a 0 . sNil£ 4 

p«* 5 v KSO±Cs Mg£ 1 x l 0 20 /cm 3 K-yifcp 
IGaNcfc^A^pIn^^^ 5 0*>$ r X h n — A CDRJ5"CfiSc 

****b WlCl/— 0**?©*^ A 1 G aN££frj@te?#^® pM* 
7 v FIi:iLTs '<> K4r +■ y 7^TWl/^"-®/J\£C^l;^^#£p 

T^'S^feC. -HHttCpfltJ^ hJi©*+- U 7&Be#iS< #9 pi 

g£«F£U*;*--S y £"*<»£*IT. S^pOfiSte^flU lE^i£Tt^i 
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tY-mt, v h'mtt^v f>/lT> 4^mcDX h^^7°$I^ 

^5 «y K/i^±£>JI£U >y ^ttitSCd:^ U^o 

*mm^s, 3 0 6.6 6 2mzm^£ti, ^nmmor—- u 

^■Cfc#H4*lM&5. 3 0 6.6 6 2^CM^&ftfc3?j££ffl<^T?T?o 

U -y v-X^Bl&U RI ECTX 7 f>^^lTl\ nl 

=» >^ ? hJI©^®£SdjSii\ TiiAl J:^i5nli*7 h 5 -f 7" 
t*tiC^^c-r^o — ^*p#J=3 >^ £ h®CD U -y S^^ffifwfiN i £ A u J: t) 
«SpI^X Y^^^m^fat^o pMG aNMtftt U^*- ^ >y 
*#»£ft*«g##<!:LTfcU Mx.i£N i . Pt, Pd. Ni/Au, 
Pt/Au, Pd/Auf^W§:i^T^ 0 nMG aNchSfs: 
t-;^^ibtl^IMf4<!:lTUAK Ti, W. Cu, Zn, S 

0 2 &*)KZl&mm&&i&l„ : ©ili^^ 1 1 p li i cgi 
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#ftT'<--tKKg§3u m&Lwiz&mm&ftwi'fZs sisics.i o 2 

■Si:fel^ WffimSfc^@£2. Ok A/cm 2 . H^{[tmE4. 0Vt\ ISM 
»£3 6 8 nm<Dmf0t¥£Mfi<mm$tL^ 1 0 0 0 WHJs^©**^^ Lfc 0 
[mMM4 1] 

Jt*W4'l£lTliltMl3Blffll'4 I-£-3t^TfE5££ tire U-lfSE^OWT* 
5o ST> i9^#IUTl»J4 1 fC-D(,NTt£BJlT5 0 
(T*feJI3 0 2) 

ovPE5^ierti:-i?y h u> ss^5 o o°c(cut. > »;y>;i/35ry 

(TMG) N T>^-T (NH 3 ) GaNj:!)fi5/<y77 
M'J&fk'ik* 'Mm%l 0 5 0°C(CLT. H b < G a N«i: 9 te£T*tfe'JI3 0 2 
(RII3 0 3) 

'«>"a®c; 7>7-{7 B iPt07> h7X^^Ml N CVDiliaOxF 

113 0 3^1 //m(DlI|T'Mt5 0 
(gft4fc¥ag{*gi£3 0 4) 
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SIJR3 0 3Mts ^x-/N^MMOVPE©^^i:-tr7 h 
lx 1 0 5 0°CII bT, TMG. 7>ti7%ffll\ T > K~7°G 

aNJ:^i5MWiMi3 0 4^20 //m©IIt^^§ 0 fifc 

m n * Pi ic & <b tz ^ j: 9 tc -r 3 c i c ct $ % s & ji iz m n x m #iEtfc 

(n$J'<-y-7 r ji3 1 1 =^n#jn>^^ hjf) 

©1W#M4 0±CS i £3* 1 0 18 /cm 3 K-7*L/:GaNi;?) 

tt5n«/<7 7 7l3 1 1&5 vm<omi¥--ClSL&$'&Zo 
U?? v 9&3±M3 12) 

TMG N TM I (hU^f-^/O^^A) % 7>^e^7£ffil^ 
&&£8 0 Oti: LT I no.oeG a 0 . 84 N J; v *KrifcJi3 1 2 

£0. i 5 tim<Dmm-x'rfL&z-&Zo 

(nfl? 5 v K®3 1 3 =m^M) 
i^ts 1 0 5 0°CTTMA. TMG. 7>^7> ->-5 
Si^lxlO'Vcm 3 K-yifcnfflA 1 „ . i ■ G a o . e 4 N «k 0 SJ£ 1 
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(nK^M KB 3 14 ) 

m*X* is? >#X*ik«u 1 0 5 0°CTT> K-^G aNi*)/^n 
fflJft#<-.KB3 1 4*0. l-/zmOMHE"CJ5Jtg$-li-5o 
(gfe!3 15) 

Jg&Bi*&K*8 0 0 o Clc#j#LT. T> K-^I'no.aGao.iNJ;^ 
5 #^£4 O^v^'x h d-aodm^T-^^^^^o fti:TMI cd^;u 
ifc*SEft£tf£©*TMI— T> K-7° 1 n,.'oiGai.. 9 NJ:!)ft 
*I£MB*1 0 0*>**x hD-A©iit^$if^ 0 #pB£^MB 

■t^jUKiaBu s&k[£mb $&mm4 4 0*>rx ba-A 

(plJ^fy/IS 16) 

&jg*l 0 5 0°Cir±tf. TMGv TMA, 7^-7;Cp 2 
Mg (->^n^>^>?ji^i;l/v^V^A) *SHv pffl##-<KB3 1 
7 &K) K^> Mg*l xl 0 2 Vcm 3 K 

-yUcpIAl o. 3 G a'o.TNiOtt'S piBU^-f >y 3 16r3 0 0t 

■(j>«3E3V-f KB 3 1 7) 

ft^TCptMg, TMA*jfca& N 1 0 5 0°CT\ '<> K4*+ 7"/^ 
^-^pl+t y 7°J13 1 6 £9 4>/Jn£(,n n r^K-^GaNiOtt* 
P«##^ KB3 1 7*0: 1 /£mO«f^"ca:g$^So 
(p«^5> KB 3 18) 

^VT. 1 0 5 0°CTMg*l x 1 0 20 / cm 3 K-7° Viz plA 1 0 . 1 e 
"G'ao.84N«fc»l«5I30i*2 5*>^'x h d-A©IIT^I$^ 
«^TTMA<D**jhi£K T> K-^G a N <fc 'Ofc*^ 4 ©B* 2 5^> 
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(p«3>^^M3l'9) 

ffc&K. 1 05 0°CT\ pfl^7yKI3 18O±Cs.Mg*2xl0 
20 /cm 3 K-y°LfcPMGaNJ:0ti:^p#J=i>^^ M318^150 

■&±mcDpM^>? ? hM3 1 8 is pl^7 7 FI3 17 i^-y^-v 

7 r JI3 1 1 ©^iS^f&ft £-tr£ 0 
»Ji:pl3>^^ hJI3 1 9 0>y -yyillCN i tAu«t 0«-5pH 
i3 2 0^X h^-f^ttKJBfifcU — Sr^ TiiAl J:0«5nlg3 2 

Ltzm. H19{r^^ci:9iCpm^3 2 0 t> nli3 2 2 t<DT3\zm& L 
fcl^^loasics i 0 2 <fc9tt£*6*lK3 2 3^6£U. CCD 
»^R3 2 3^ltpfl3 2 0 iS^WCgaifcp/^y KH^3 2 
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gfc^U J*L/ — !f*OFFPIi#- T\ ^©Mt.HR^Tl©^^fc 

Appl. Phys. Vol. 36 (1997) \Z^m Ltz & © f-JfcR Ut, ^{1^10% 
liilfiTU #4rrt5 0«H±fiI±L/fco 
[*fe014-2] 

H$fe«4 li:*Jt^> nfflj*5y KJI3 r3£l?fc«&H**RR«^ S i K 
-ynlA l o.aoG a 0 . 8 oN2 5t>^X hn-Ai % 7> F-^GaN 

5-y KJ13 1 3^S$^Sftfctil^«CLTU--1f*?^ffl!Uyto ttfc 
nl^'y KI^AlWM^'l O. 0%T£>3CDT\ ^<Dmw-t(om 
(2 10. 0T£>£o :ou-f* : ?fe|IM4 1 t«l?H«©«flt**L 

tH«fi«»J4-3] ■ ' 
■^4 1i:*)VTx n«^77 KI3 13*«fiSt5Ri:x S i K 
-T'nSA l o.2oGao. 80 N2 5*>^X ho — A£ X T> K-7°G aN 

5-y KM 3 1 3^^I^5ffel^t(:UTb--fI?^L/:o ni 
2"? -y Kill* A 1 0%T'£>£CDT\ ^©M^<t©fSii7. 
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-T'nlA.I 0.12G a 0 .8sN2 5^>^'X ho-A<b> T> K-^G aN 

5 -y K»3 1 3 &l£&£'&zm*mi£lzlsT U— fm^^i^m^tz 0 nflfl 

8T^^e CCDU — IfjR^WJpn. J. Appl. Phys. Vol. 36 (1997) iCfg^ 
Lfct>©KJfc«l/Ts Htt*<5MBLtfiTU *t^ii2 0«£(±fSlJiL)to 
[H*fe0iJ4 5] 

*JtM4H:*?t^ n«?5 y FM3 1 8 SHSt::^ Si K 

-7 J nIAlo.o7Gao.9 3 N12 5t>nhn-A < h s TV K-^Ga 

{CUT. U~-tf^T-^f^^L/c 0 nfilJ^^ y K®«4>. A l^'*aj5fc*<3. 

#J4 4OfcO«ht5l2l^<D4$t££^Lfc 0 

kji> \fmm&&A-rz3>9 ? hmtLxtzuxi^tztb^ 
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S[ft«¥flM**?l-J:tlJi: N LED, LD^Ofift*^*^^©::^ 
'I^J:9i:tt!) Kou-f^^I £*i£ 0 L^*>> U— !f# 
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m * <d .is m 
^n^b^^^^ ^fr^m^zm&vmtezmi <z>mtm2 comt 

4. lutein OH N 2iCF|g2 0®cDrt0^nc < <hfe— A 1 *£t? 
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ai-vN (0£Y£l\ X = Y*0) $ tiZ>W.itV?)¥-m&fr $>t£ 5 It 

7. BuIBiSfe^JIIw&^Tx (DJEfr^ I n x G ai-xN (O^X 
<1) t?*SftSHkft^W^«!5, ^of?j|g^2 6DJi3&^A 1 yG 
a , - v N ( . 0 < Y < 1 ) TiE £ ft £ m4l®l¥m#fr £ t£ Z> ft^il 6 \z i£M 

8. bIjIB^I Oii&D f miIS^2 0jl*^ti-€ f ti^ 70t>^hn-A 

i i. itjisi^pf'jn >^ ? hmnmmfr* *>\z* 3 0 0>>^hn- 
fcut*ii 1 nm. 1 1 coftoi^-rtifr i mz^McDmitw^m&mTo 
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tzmitw^fcfr Cf'ta % n fttj 3 > * o hmz n mmm(D^mmi^z ^ u 

14. Mei.2®^<7 7 7 l0WW^ HniEnfiUn >^ * h/ff;: 
ifcR ITISIIT^ 3 fit 3**1 1 3 CIBttOg-fb^^fr^^o 

15. luIS^l 0>'<y 7TJ§^ &?>*fJEM2<D'<-y 7 r M<Oft(D{}>tSl < 
ifrfcU JgJ^l 0 0*->*'X hn-A^TOS^C*ajftA<S^-5^k 

17. fjie^ l ons.o*fijien2 ©s©rto^/cC < t jjiz^ mmco 
is. mzmi <DM&v ; mizwi2cDmiz K-:/$tuc N iiciii^ 

n p Ii:K:«t S ^f*&0 wc^tt £ 3 ftM 1 6 © 
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tcm-RiM 1-1 9 v>n<D i ^^zm^mit^^-mwm^o 

*m 4 con «t tmm z -5 d t t-tzm 

2 2. Huge p fflj * 5 *y KJIRtf&pfllJ* 5 * KS«fc»3±0®{C N -cCDg 
2 3. lX(4'2^±0^b^^t^^t>«-5 n^mil'iO^^^^i: 

mfcm t tmm ^tit^^n wm&=¥-m -v-frzzt z^m. t-tz m<t®¥ 

2 4. 1 Xli 2 eU:0i^e*^{*I b « S n 
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m&m t t<mm $ nx tz % P {rate^n -c & * c t t -r £ 

1X14 2 &±©Sft«0^(*JI^ £tt ^ p ^Mffljfc^ttflSt £ o^tc. 

mftmttmmistixtezvmmfe^mxibzz. t^iait^iw 
27. ta^KDmit^mwm^^x, mmm 2 (Dmit^m^m 

2 8. S«iSmiO^^^(*)i©n^l*^SS*U x 1 0 17 /cm 3 ~ 
1 x 1 0 20 /cm 3 O|5S{C^)0. i 2 OI Ib^^i^lO n 
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1 x 1 0 19 /cm 3 #TT&£it^iI2 6X« 2-7 iEttOSHtft^***? o 

29. Huienflij&te^jicfc^T. mmmi(Dmit%!}¥m&miz, mm 
m 2<Dm4t®*m#m& t> * s w< > + -y £ nuts m 2 © 

fc«3¥*(*JI J: <9 C * n £ #-r £ 2 3 X 2 5 

3 0. f<jfem2 0g^¥-^#/iCfc^T. itffiEJfl 1 ©IlLti^iM 

3 1 . mzm 1 ©sfl^^ftji © n m^'&fymmfr 1 x 1 0 1 9 /cm 3 ^ 
Tt^> 0 . mim 2 oiw^fti© n m^'&»mmfr 1 x 1 0 1 7 /cm 3 

— 1 x 1 0 20 /cm 3 O|aST^)^If^ri2 9X(£3 OmMomitW^m&m 

3 2. l5E*l<0Mft*^*(*JiWA 1 rO a-,-r.N (0<Y<1) 

8aiEm2©Sftfe¥^*Jili I nxG a i-xN (0 £X< 1) frbU 

zm^2 6-3 109-^0 io(ctet^cD^'fb^^s^^^o 

3 3. ?iuS5^2©Mft^¥^{*JI*<G a N;^£;tt£l&3jfciI3 2ffiI££>M 

3 4. mzmivmitm^m&mteA 1 x 'g a ,. x n co <x< d 
tttK ' mzn2<Dmit®*mftMitA 1 y g a ^yN co<y<i, x>y> 

3 5 . iuism 1 oiikWi^l X tame* 2 oiWf^I it li. 
nS»^ K-y£ftT^^!i^2 6 — 3 40^©^W1^ 

3 6. HuSEpfflJSte^JIK^Tx guie^'3'©^fcW¥^Jltix iuIE 
m 4 OM^^tt:Ji«k WO K*> *y ^i*>U^- <5:B(JE»4 © 
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mt®¥m#m&o*£^vm*ifc®mmt&m'rzvinL&2 4x1*2 5 

3 8. fHB^3©^k^^^(*Ji<DpM^lfeft«K*U x l 0 18 /cm 3 ~ 
1 x 1 0 2l /cni 3 cDi5S(r^0. I4©IltW^lOpWMiI^ 
1 x 1 0 20 /cm 3 ^TT^>.'5lf^:ri3 3X1*3 4l5a®M«l^#^o 

3 9. fjiepM^^^/ic^^Tv H5ism3©^b^¥3i^<is fiuse 

4 0. fII2m4 0^b^^{£/iC:k^T. frji2M3cog>fb^^^^:]i 

41. mfcn3<Dm4t®¥mftm<Dvm*ffo®mm&i x 1 0 20 /cm 3 & 

TTfctK IMO^b^¥^te/I©p§^MM^a<l x 1 0 18 /cm 3 ~l 

x 1 0 2I /cm 3 cDiEfflT-^>^if^rM3 9x^4 o mm.cDmitm^m&m^o 

4 2. 69i2*3©g*t^¥^WIliA 1 Y G a^vN (0<Y<1) fr$> 

uk>, mzmAcDmit^mwm\t i n x G a,. x N co^x< d a^^tz 

4 3. UI5^4 0S-fb^aE(*®*<G aNjfr>£tt-5f*#gU 2i£i*cD^ 

44. MEm3 0^4b^£3IWiW:A 1 xG a,-xN (0<X<1) 
tt^ mJ§BJM©^b^¥3|{*JIIiA 1 yG a i -yN (0<Y< 1, X>Y) 
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KIE«©^bft¥^{*£?o 

4 6. ?tuI2n#Mte^MiC:k^T. fJIBM 1 ©gffc^****^ hu§B 

m 2 omit^mwm & % % i^o k^> ^ zf^* t mem 2 <z> 
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